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BACKGROUND OF THE INVENTION 

Field of the Invention 

[0001] The present invention relates to catheter distal protection devices, and 

specifically to filter and occluder mechanisms for use during intravascular 
procedures to capture embolic particles. 

Background of the Invention 

[0002] Diseased blood vessels are a widespread medical condition. For 

example, a narrowing, or stenosis may form by local thickening of the vessel 
walls, or a lesion may form by an accumulation of atherosclerotic plaque on 
blood vessel walls. A thrombus (blood clot) may also form in a vessel, 
especially in a region of turbulent flow adjacent a narrowing. Blood vessel 
walls may also become thin and weak, possibly leading to the formation of an 
aneurysm. If a blood vessel becomes weakened or narrowed, clinical 
intervention may be required to prevent rupture or complete occlusion of the 
vessels. While many different surgical procedures are associated with the 
treatment of vascular diseases, the use of catheters is generally preferred due 
to the minimally invasive nature of interventional catheterization. 

[0003] Many types of procedures involve the use of catheters to treat stenotic 

vessels or thromboses. One type of procedure is percutaneous transluminal 
coronary angioplasty, or PTCA, which involves the inflation of a balloon 
within a stenosis to expand a coronary blood vessel. Additionally, a stent may 
be implanted in conjunction with PTCA to support the dilated artery. Various 
other procedures are also common, such as a thrombectomy to remove a 
thrombus or a portion thereof, or an atherectomy to cut or abrade a stenosis 
within a diseased portion of the vessel. 
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[0004] Each of these intravascular procedures is associated with a common 

risk: that an embolic particle may be dislodged during the procedure and 
migrate through the circulatory system, possibly causing ischaemia, 
infarctions or strokes. To prevent damage caused by such loosened debris, 
practitioners may attempt to capture the embolic particles using temporary 
distal protection devices such as occluder catheters or filter guidewires. 
Particles that are trapped or collected by such devices may be aspirated from 
the body lumen, chemically lysed in situ, or removed with the distal protection 
device at the end of the procedure. 

[0005] Known distal protection devices have relative advantages and 

drawbacks. Occlusion devices can prevent all of the embolic debris from 
migrating such that the stopped debris may then be removed by an 
aspiration mechanism. However, the duration of use of an occluder is 
limited because an occluder also blocks blood flow. Therefore, occlusion 
is not appropriate in all cases. Further, aspirating the stopped embolic 
particles can be an imperfect process, and some embolic particles may 
escape when the occluder is collapsed for withdrawal. 

[0006] Embolic filters also suffer from some drawbacks. Embolic filters 

may be used for longer duration than occluders because filtering devices do 
not prevent the flow of fluid. However, embolic filters may be limited in 
their ability to remove very small embolic particles from the bloodstream. 
Further, embolic filters may become full of embolic debris and occlude the 
vessel unless they are emptied by aspiration or removed from the patient's 
vessel. 

[0007] Therefore, a need exists in the art to obtain the benefits associated 

with occluders, such as complete particle capture, while also being able to 
re-capture particles that may be lost during the collapse of an occluder if 
aspiration was imperfect. An embolic filter and occluder combination may 
fill such a need. 
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[0008] A combination of filters and occluders on the same catheter has been 

proposed for use in heart surgery where the heart must be arrested and isolated 
from the rest of the cardiovascular system. For example, U.S. Patent No. 
6,090,097 to Barbut et al. y the entirety of which is incorporated herein by 
reference thereto, discloses a balloon arterial cannula that includes a balloon 
occluder and a blood filtration assembly. However, in this device, the filter 
and occluder are spatially separated along the shaft of the cannula. Such a 
separation distance is not practical for use in, for example, an angioplasty 
procedure. 

[0009] Further, medical balloons are often used to deploy implantable filters, 

such as vena cava filters. Such a filter is described in U.S. Patent No. 
4,793,348 to Palmaz, the entirety of which is incorporated herein by reference 
thereto. This type of filter is detached from the catheter and is permanently 
implanted to provide prophylaxis in case a blood clot moves into the major 
veins. Also, balloons used for the deployment of this type of filter are not 
intended to occlude the vessel for the capture of embolic particles. 

[0010] Therefore, a need exists in the art for an embolic filter-occluder 

combination for use as a distal protection device during the treatment of 
diseased vessels. 

SUMMARY OF THE INVENTION 

[0011] The instant invention provides a temporary distal protection catheter 

having a filter-occluder combination. An expandable occluder is disposed 
within an expandable filter at the distal end of the catheter. In an embodiment, 
the filter is mechanically deployed by relative longitudinal movement of the 
elongate elements to which it is mounted. In another embodiment, the filter is 
deployed by the expansion of a balloon. In an embodiment, the occluder may 
be expanded by a push-pull mechanism similar to that of the filter. In another 
embodiment, the occluder may be expanded by hydraulic inflation. In an 
embodiment of the present invention, the filter may be operated (i.e., 
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expanded or collapsed) independently of the occluder. Thus, the occluder may 
be used first to efficiently capture embolic particles. After aspiration of these 
captured particles, the occluder may be collapsed, leaving the filter expanded 
to re-capture any remaining particles. 



BRIEF DESCRIPTION OF THE DRAWINGS/FIGURES 

[0012] Features, aspects and advantages of the present invention will 

become better understood with reference to the following description, 
appended claims, and accompanying drawings wherein: 

[0013] FIG. 1 illustrates a side view of a distal protection system according to 

the present invention. 

[0014] FIG. 2 illustrates a longitudinal cross-sectional view of a proximal end 

of the distal protection system of FIG. 1. 
[0015] FIG. 3 illustrates a longitudinal cross-sectional view of a distal end of 

the distal protection system of FIG. 1, shown in a fully collapsed 

configuration. 

[0016] FIG. 4 illustrates a longitudinal cross-sectional view of the distal end 

of the distal protection system of FIG. 1, shown with the filter expanded. 

[0017] FIG. 5 illustrates a longitudinal cross-sectional view of the distal end 

of the distal protection system of FIG. 1, shown with both the filter and the 
occluder expanded. 

[0018] FIG. 6 illustrates a longitudinal cross-sectional view of a distal end of a 

second embodiment of the distal protection system according to the present 

invention, shown in a fully collapsed configuration. 
[0019] FIG. 7 illustrates a longitudinal cross-sectional view of a proximal end 

of the distal protection system of FIG. 6. 
[0020] FIG. 8 illustrates a longitudinal cross-sectional view of the distal end 

of the distal protection system of FIG. 6, shown with the filter expanded. 
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[0021] FIG. 9 illustrates a longitudinal cross-sectional view of the distal end 

of the distal protection system of FIG. 6, shown with both the filter and the 
occluder expanded. 

[0022] FIG. 10 illustrates a side view of a third embodiment of a distal 

protection system according to the present invention. 
[0023] FIG. 1 1 illustrates a longitudinal cross-sectional view of a distal end of 

the distal protection system of FIG. 10, shown in a fully collapsed 

configuration. 

[0024] FIG. 12 illustrates a longitudinal cross-sectional view of the distal end 

of the distal protection system of FIG. 10, shown with the filter expanded. 

[0025] FIG. 13 illustrates a longitudinal cross-sectional view of the distal end 

of the distal protection system of FIG. 10, shown with both the filter and the 
occluder expanded. 

[0026] FIG. 14 illustrates a longitudinal gross-sectional view of a distal end of 

a fourth embodiment of the distal protection system according to the present 
invention, shown with both the filter and the occluder in a fully collapsed 
configuration. 

[0027] FIG. 15 illustrates a longitudinal cross-sectional view of the distal end 

of the distal protection system of FIG. 14, shown with both the filter and the 
occluder expanded. 

[0028] FIG. 16 illustrates a longitudinal cross-sectional view of the distal end 

of the distal protection system of FIG. 14, shown with the filter expanded and 

the occluder collapsed. 
[0029] FIG. 17 illustrates a longitudinal cross-sectional view of the distal end 

of the distal protection system of FIG. 14, shown with the filter re-collapsed 

by an outer sheath. 

[0030] FIG. 18 is a cut-away perspective view of the distal protection system 

of FIG. 1 with an aspiration catheter, shown with both the occluder and the 
filter expanded in a body lumen. 

[0031] FIG. 19 is a cut-away perspective view of the distal protection system 

of FIG. 1, shown with the filter expanded in a body lumen. 



P1237 (1737.2640000) 



-6- 



[0032] FIG. 20 is a cut-away perspective view of the distal protection system 

of FIG. 1, shown in a fully collapsed configuration in a body lumen. 
[0033] The drawings are not to scale. 

DETAILED DESCRIPTION OF THE INVENTION 

[0034] Specific embodiments of the present invention are now described with 

reference to the figures, wherein like reference numbers indicate identical or 
functionally similar elements. The various disclosed embodiments of the 
inventive distal protection device are intended for use in conjunction with 
interventional catheters during therapeutic procedures, examples of such 
procedures have been described above. Distal protection devices may be 
catheters that can extend alongside and distally beyond the therapeutic catheter 
that is being used to treat a diseased region of a body vessel. Alternatively, 
the distal protection device may be a guidewire that is extendable through a 
lumen of the therapeutic catheter. Distal protection devices of the guidewire 
type may be steered and/or advanced through the patient's vasculature before, 
during, or after the catheter has been positioned for the intended treatment. 
The disclosed embodiments are described in the context of vascular 
interventions. However, it should be understood that the invention is equally 
applicable to the treatment of other vessels within the human body. 

[0035] FIG. 1 illustrates a distal protection system 100, including an outer 

tube 102 having a first lumen 218 (shown in FIG. 2), an inner tube or a hollow 
push rod 104 having a second lumen 220 (shown in FIG. 2), and an inner wire 
106. Inner wire 106 is an elongate flexible wire similar to guidewires or 
corewires known for use with medical catheters. Any materials, dimensions 
and construction appropriate for use in medical guidewires or corewires are 
suitable for inner wire 106, depending upon the type of procedure for which 
distal protection system 1 00 is intended. As a non-limiting example only, for 
use in a PTC A procedure, the length of inner wire 106 may be approximately 
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175 cm, and the diameter of inner wire 106 may be in the range of 0.012" to 
0.018". The distal end of inner wire 106 may include a flexible tip 116, which 
can be a coil spring or other flexible tubular member, as known to those of 
skill in the art of medical guidewires. 

As illustrated in FIGS. 2-5, inner wire 106 is slidably disposed within 
and extends through second lumen 220 of hollow push rod 104. Distal 
protection system 100 may be termed an "over-the-wire" configuration 
because inner wire 106 is slidable within, and removable from this 
embodiment. Hollow push rod 104 is an elongate, hollow tube having 
flexibility for navigating tortuous pathways of the cardiovascular system, and 
having sufficient axial stiffness to deploy distal elements, as will be described 
in detail below. Hollow push rod 104 may be made as a tube of metal or 
plastic, or a combination of these materials. Suitable polymeric materials 
include PEBAX® and similar polyethylene block amide copolymers, 
polyvinyl chloride, polyethylene, polyethylene terephthalate, polyamide, 
polyimide, and blends or multi-layered combinations of the same. Further, an 
optional layer of a stiff reinforcing material may be incorporated to enhance 
the pushability of push rod 104 and/or distal protection system 100. The 
reinforcing material may be embedded within the main material of hollow 
push rod 104 for a portion or the entirety thereof. For example, a braid of 
metal or polymeric filaments could be included. If made from a polymer, 
hollow push rod 104 can be manufactured by any method known in the art, 
such as by extrusion. Thin-walled hypotubing, made of metals such as 
stainless steel or nitinol, may be used to form all or portions of hollow push 
rod 104. 

FIG. 2 illustrates a proximal end of distal protection system 100, 
wherein a fitting 1 13 is sealingly affixed to a proximal end of outer tube 102. 
Fitting 113 includes an inflation port 114, which is in fluid communication 
with first lumen 218 within outer tube 102. Inflation port 1 14 is adapted to be 
removably attachable to a source of inflation fluid, such as a syringe (not 
shown). Fitting 113 also includes a proximal gasket 215, which provides a 
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sliding seal around hollow push rod 104. Gasket 215 may be a fixed type or a 
manually adjustable, Touhy-Borst adapter (not shown). 

[0038] As shown in FIGS. 2 and 3, a distal end of inner wire 106 extends 

beyond the push rod's distal end 205 and a proximal end of inner wire 106 
extends proximally from a handle 1 12, which is mounted at a proximal end of 
push rod 104. In the embodiment shown in FIG. 2, an opening 221 extends 
through handle 112. Inner wire 106 may be drawn proximally through 
opening 221 and, if desired, removed from system 100. For the purposes of 
example only, in a PTC A procedure wherein inner wire 106 has a length of 
175 cm, the length of hollow push rod 104 can be approximately 150 cm. 

[0039] FIG. 3 shows hollow push rod 104 being slidably disposed through 

first lumen 218 within outer tube 102. Outer tube 102 may incorporate 
materials and construction similar to those described above regarding hollow 
push rod 104 and the dimensions for outer tube 102 may vary depending upon 
the intended use of distal protection system 100. For the purposes of example 
only, in a typical PTC A procedure, a therapeutic catheter is approximately 135 
cm in length. For use with this procedure, outer tube 102 would be at least 
140 cm in length, so that it may extend distally beyond the therapeutic catheter 
to trap any dislodged embolic particles in the antegrade flow of blood. 

[0040] The inner and outer diameters of hollow push rod 104 and outer tube 

102 will vary depending upon the intended use of distal protection system 100. 
First lumen 218 is used for passage of inflation fluid to and from an occluder 
1 10, as will be described below. Therefore, the outer diameter of hollow push 
rod 104 should be smaller than the inner diameter of outer tube 104 by an 
amount sufficient to define an adequate annular flow path within first lumen 
218. 

[0041] FIG. 3 shows a filter 108 within occluder 110, which are disposed 

about a distal region of hollow push rod 104, i.e., the region that extends 
beyond outer tube 102. Filter 108 may be any type of expandable filter known 
in the art. In one embodiment, filter 108 is a tubular mesh of braided 
filaments with most of the pores having a first pore size for capturing embolic 
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particles. In an embodiment of the present invention, at least one of the pores 
on a proximal end 207 of filter 108 is significantly larger than the other pores 
to provide an inlet for the flow of blood and embolic particles into filter 108. 
In another embodiment, filter 108 comprises a series of filaments or other 
support struts with a porous membrane mounted over a distal portion thereof, 
thus forming an umbrella-shaped filter element for capturing embolic debris. 

The filaments used for filter 108 may be made from any suitable 
biocompatible material. Such materials may include metals, such as stainless 
steels, cobalt alloys and nitinol, or various plastics. Braiding filaments having 
enhanced radiopacity may also be used to facilitate fluoroscopic visualization 
of filter 108 within the patient. Radiopacity may be enhanced by making or 
coating the filaments with a biocompatible metal having a relatively high X- 
ray attenuation coefficient. Examples of such metals include gold, platinum, 
tungsten, or alloys thereof. Also, drawn-filled tubing (DFT) wires may be 
used, wherein either an outer case or an inner core of the DFT wire is made 
from a radiopaque material. 

Filter proximal end 207 is fixedly attached to an outer tube distal end 
201. A filter distal end 209 is fixedly attached to a push rod distal end 205. 
The filter attachment joints can be made by any means known in the art, such 
as by using a cyanoacrylate adhesive or by soldering. The proximal filter 
attachment at outer tube distal end 201 can be located on an inner or outer 
surface of outer tube 102, which can also be tapered or stepped in diameter to 
provide a lower joint profile. 

FIG. 4 illustrates filter 108 having been expanded for apposition 
against a body vessel wall (not shown) by moving filter proximal and distal 
ends 207, 209 towards each other. Outer tube 102 and hollow push rod 104 
control relative displacement of the ends of filter 108, causing transformation 
of filter 108 between a collapsed configuration, as shown in FIG. 3, and a 
deployed configuration, as shown in FIG. 4. In the deployed configuration, 
hollow push rod 104 has been pulled proximally and/or outer tube 104 has 
been pushed distally. 
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[0045] Referring again to FIG. 3, inflatable occluder 110 is disposed within 

filter 108. This nested arrangement is axially compact and minimizes the 
overall length of the combined distal protection elements. Since distal 
protection elements are normally positioned downstream of the treatment 
location, this relatively short arrangement of two distal protection elements 
allows treatment of stenoses that are located more distally in the patient's 
vasculature. 

[0046] Inflatable occluder 110 may be any type of medical balloon known in 

the art, such as an inelastic balloon with a working length, a working diameter, 
and tapered ends. Preferably, occluder 110 is an elastic balloon that can 
deflate and/or stretch longitudinally inside filter 108 without the attendant 
bulkiness caused by folding or wrinkling. Some examples of materials used 
for medical balloons known in the art include inelastic polymers, such as 
polyethylene, polyvinylchloride, and polyethylene terephthalate, and elastic 
materials, such as silicone, latex, PEBAX® and similar polyethylene block 
amide copolymers, PELLETHANE® and similar thermoplastic polyurethane 
elastomers, C-FLEX® and similar styrene-ethylene-butadiene-styrene. 

[0047] An occluder distal end 211 is fixedly and sealingly attached adjacent 

push rod distal end 205. An occluder proximal end 213 is fixedly and 
sealingly attached to outer tube distal end 201, thus placing an interior of 
occluder 110 in fluid communication with first lumen 218. A proximal 
occluder joint at outer tube distal end 201 can be located on the inner or outer 
surface of outer tube 102, and a joint area of outer tube 102 can be tapered or 
stepped to provide a lower attachment profile. Alternatively, occluder 
proximal end 213 can be mounted between filter proximal end 207 and outer 
tube distal end 201. Occluder 110 may be inflated into the deployed or 
expanded configuration, as shown in FIG. 5, by injection of inflation fluid, 
such as dilute radiopaque contrast, into proximal inflation port 114 (shown in 
FIGS. 1 and 2), through first lumen 218, and into occluder 110. 

[0048] Although filter 108 and occluder 110 are nested, each of these 

expandable protection elements has a separate deployment mechanism. For 
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example, filter 108 may be deployed by relative displacement of outer tube 
102 and hollow push rod 104 while occluder 110 remains uninflated. Then, 
occluder 110 can be inflated, if desired, within expanded filter 108. 
Alternatively, filter 108 and occluder 110 can be expanded simultaneously by 
inflating occluder 110 while outer tube 102 and hollow push rod 104 are 
permitted to slide with respect to each other. After both expandable elements 
have been deployed, occluder 110 can be deflated while filter 108 remains 
expanded. Filter 108 and occluder 110 can also be collapsed together by 
simultaneously operating both deployment mechanisms, or by manipulating 
outer tube 102 and hollow push rod 104 while port 114 is left open to vent 
inflation fluid from occluder 110. 

FIG. 6 illustrates a second embodiment of the invention. A distal 
protection device 600 includes an outer tube 602 having a first lumen 618 
therethrough, and an inner wire 606, which is slidably disposed through first 
lumen 618 and is similar to inner wire 106, described above. A distal flexible 
tip 616, similar to distal flexible tip 116, may also be included. Distal 
protection system 600 may be termed a "fixed-wire" embodiment because 
inner wire 606 is slidable within, but not removable from, first lumen 618. 
This fixed-wire embodiment of distal protection system 600 eliminates 
hollow push rod 104 of distal protection system 100, thus permitting outer 
tube 602 to have a smaller outer diameter, which would be desirable, for 
example, to fit the device within the guidewire lumen of a therapeutic 
catheter. 

FIG. 7 illustrates a proximal end of distal protection system 600, 
wherein a fitting 613 is sealingly affixed to a proximal end of outer tube 602 
and a handle 612 is fixedly attached to a proximal end of inner wire 606. 
Fitting 613 includes an inflation port 614, which is in fluid communication 
with first lumen 618 within outer tube 602. Inflation port 614 is adapted to be 
removably attachable to a source of inflation fluid, such as a syringe (not 
shown). Fitting 613 also includes a proximal gasket 615, which provides a 
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sliding seal around inner wire 606. Gasket 615 may be a fixed-type or a 
manually adjustable, Touhy-Borst adapter (not shown). 
[0051] Filter 608 may be any filter known in the art, as described above with 

respect to filter 108. As shown in FIG. 6, a filter distal end 609 is fixedly 
attached to inner wire 606 adjacent flexible tip 616. A filter proximal end 607 
is fixedly attached to an outer tube distal end 601. As described above 
regarding distal protection system 100, the proximal filter attachment at outer 
tube distal end 601 can be located on an inner or outer surface of outer tube 
602, which can also be tapered or stepped in diameter to provide a lower joint 
profile. When outer tube 602 is pushed distally and/or inner wire 606 is pulled 
proximally, filter 608 expands to the deployed configuration shown in FIG. 8. 
As hollow outer tube 602 is pulled proximally and/or inner wire 606 is pushed 
distally, filter 608 collapses to the original collapsed configuration shown in 
FIG. 6. 

[0052] Referring again to FIG. 6, an inflatable occluder 610, such as a medical 

balloon, is disposed within filter 608. Like the embodiment of distal 
protection system 100, this nested arrangement is axially compact and 
minimizes the overall length of the combined distal protection elements. 
Similar to occluder 110, described above, inflatable occluder 610 may be any 
type of medical balloon known in the art. In this embodiment, an occluder 
proximal end 613 is fixedly and sealingly attached to outer tube distal end 601, 
placing an interior of occluder 610 in fluid communication with first lumen 
618. The proximal occluder joint at outer tube distal end 601 can be located 
on the inner or outer surface of outer tube 602, and the joint area of outer tube 
602 can be tapered or stepped to provide a lower attachment profile. 
Alternatively, occluder proximal end 613 can be mounted between filter 
proximal end 607 and outer tube distal end 601. An occluder distal end 611 
is fixedly and sealingly attached to inner wire 606. Occluder 610 may be 
inflated into the deployed or expanded configuration, as shown in FIG. 9, by 
injection of inflation fluid, such as dilute radiopaque contrast, into proximal 
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inflation port 614 (shown in FIG. 7), through first lumen 618, and into 
occluder 610. 

FIG. 10 illustrates a third embodiment of the invention. A distal 
protection device 1000 includes an inner wire 1006, which is slidably disposed 
within a hollow push rod 1004 and is similar to inner wire 106, described 
above. A distal flexible tip 1016, similar to distal flexible tip 116, may also be 
included. Hollow push rod 1004 is slidably disposed within an outer tube 
1002. Distal protection system 1000 may also be termed a "fixed-wire" 
embodiment because inner wire 1006 is slidable within, but not removable 
from, hollow push rod 1004. In distal protection system 1000, an occluder 
1010 is not inflated hydraulically, as described above regarding occluders 110, 
610. Rather, occluder 1010 is mechanically expandable, thus eliminating 
fittings 113, 613 and any inflation accessories that would otherwise be 
required. 

Both hollow push rod 1004 and outer tube 1002 are similar in 
materials, dimensions and construction to hollow push rod 104, described 
above. Because both filter 1008 and occluder 1010 are deployed by push-pull 
mechanisms, as will be described below, the staggered proximal ends of inner 
wire 1006, hollow push rod 1004, and outer tube 1002 may be conveniently 
fitted with handles 1012A, 1012B, and 1012C, respectively. 
| As is shown in FIG. 11, filter 1008 and occluder 1010 are disposed on 

a distal region of distal protection system 1000. Filter 1008 is similar to filter 
108, described above; in that filter 1008 may be any filter known in the art. A 
proximal end of filter 1008 is fixedly attached to a distal end of outer tube 
1002. A distal end of filter 1008 is fixedly attached to inner wire 1006 
adjacent flexible tip 1016. Filter 1008 may be expanded from the collapsed 
configuration shown in FIG. 1 1 to the expanded or deployed configuration 
shown in FIG. 12 by pushing outer tube 1002 distally while holding inner wire 
1006 steady. This manipulation can be performed at the proximal end of the 
device by advancing handle 1012C while holding handle 101 2 A in a fixed 
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position with respect to the patient. Reversing this manipulation will return 
filter 1008 to the collapsed configuration shown in FIG. 1 1 . 

[0056] Occluder 1010 is not an inflatable occluder like occluder 110, 

described above. Rather, occluder 1010 is a mechanically expandable 
occlusion device. Such devices are known in the art, and one example thereof 
comprises a series of flexible support ribs or struts having a non-porous 
material stretched there over. Appropriate materials for the ribs include 
stainless steel, nitinol, other biocompatible metals and polymers having a 
suitably high Young's modulus. The non-porous occluder-covering material 
may be a thin, biocompatible, elastic film made of a material selected from 
those listed above for use in the inflatable occluders 110, 610. Other flexible 
non-porous materials that will cling to the support struts may also be suitable 
as an occluder-covering material. 

[0057] A proximal end of occluder 1010 is fixedly attached to a distal end of 

hollow push rod 1004. A distal end of occluder 1010 is fixedly attached to 
inner wire 1006 at a location proximal to, or within, the attachment joint of the 
distal end of filter 1008. As with the other embodiments described above, 
occluder 1010 is contained within filter 1008 to provide a nested arrangement 
that is axially compact and minimizes the overall length of the combined distal 
protection elements. 

[00581 Although filter 1008 and occluder 1010 are nested, each of these 

expandable protection elements has a separate deployment mechanism. For 
example, if filter 1008 has already been deployed, then occluder 1010 may be 
deployed into the expanded configuration shown in FIG. 13 by pushing hollow 
push rod 1004 distally while holding inner wire 1006 and outer tube 1002 
steady. This manipulation can be performed at the proximal end of distal 
protection system 1000 by advancing handle 1012B while holding handles 
101 2 A and 1012C in fixed positions with respect to the patient. Managing the 
positions of all three handles may be simplified by use of an accessory body 
(not shown) that can hold handles 1012A, 1012B, and 1012C in position 
unless the clinician moves them. 
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[0059] If filter 1008 has not been deployed already, then filter 1008 and 

occluder 1010 may be deployed simultaneously into the expanded 
configuration shown in FIG. 13 by pushing hollow push rod 1004 and outer 
tube 1002 distally at the same time, while holding inner wire 1006 steady. 
Alternatively, hollow push rod 1004 may be actuated alone, while outer tube 
1002 is allowed to slide freely so that filter 1008 is driven open by the 
expanding movement of occluder 1010 there within. 

[0060] After both expandable elements have been deployed, pulling inner tube 

1004 proximally and/or pushing inner wire 1006 distally will return occluder 
1010 to the collapsed configuration shown in FIGS. 11 and 12, while filter 
1008 remains expanded. Filter 1008 and occluder 1010 can also be collapsed 
together by simultaneously operating both deployment mechanisms. 
Alternatively, filter 1008 and occluder 1010 can be collapsed concurrently by 
manipulating outer tube 1002 with respect to inner wire 1006 while hollow 
push rod 1004 is allowed to slide freely so that occluder 1010 is forced closed 
by the collapsing movement of filter 1008. 

[0061] Referring now to FIG. 14, a fourth embodiment of the present 

invention is illustrated. In this embodiment, a tube 1402 has an inflation 
lumen 1418 extending therethrough. Tube 1402 is similar in materials, 
dimensions and construction to hollow push rod 104, described above. 

[0062] An inner wire 1406, similar to inner wire 106, described above, is 

disposed within inflation lumen 1418. However, in this embodiment, inner 
wire 1406 is not slidable with respect to tube 1402. 

[0063] A filter 1408 is also provided in this embodiment. Filter 1408 serves 

the same function as filter 108, described above. Also similar to filter 108, 
filter 1408 is a porous material made of braided or woven filaments. 
However, filter 1408 is made from a more ductile, inelastic material than filter 
108, similar to materials used in the art for the construction of stents. 
Appropriate materials include stainless steel, nitinol, and cobalt-type alloys 
such as 316L and ELGILOY®. A filter proximal end 1407 is fixedly attached 
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to a tube distal end 140L A filter distal end 1409 is fixedly attached to inner 
wire 1406. 

[0064] An occluder 1410 is nested within and surrounded by filter 1408. 

Occluder 1410 is similar in dimension and materials to inflatable occluder 
110, described above. An occluder proximal end 1413 is sealingly attached to 
tube 1402 so that occluder 1410 is in fluid communication with inflation 
lumen 1418. An occluder distal end 1411 is sealingly attached to inner wire 
1406 proximal to filter distal end 1409. 

[0065] Filter 1408 and occluder 1410 are introduced into a patient's body 

lumen and positioned downstream of the treatment area in a collapsed 
configuration, as shown in FIG. 14. When distal protection is needed during a 
procedure, occluder 1410 is inflated, in a manner similar to the inflation of 
occluder 110, described above. However, the inflation of occluder 1410 also 
causes filter 1408 to expand. This configuration is shown in FIG. 15. In other 
words, unlike the previous embodiments described above, filter 1408 is not 
separately expandable from occluder 1410, such as with a separate push-pull 
mechanism as described above. 

[0066] As shown in FIG. 16, when occlusion of a vessel is no longer 

desirable, occluder 1410 is deflated. Because filter 1408 is constructed from 
an inelastic material, filter 1408 remains expanded even after occluder 1410 is 
deflated. Filter 1408 can thus remain in the deployed configuration for the 
duration of the procedure, while occluder 1410 is inflated and deflated as 
needed. 

[0067] In order to withdraw filter 1408 from the patient, filter 1408 must be 

collapsed to the configuration shown in FIG. 17. As this embodiment does not 
utilize the push-pull configuration of the embodiments described above, a 
sheath catheter 1740 must be passed over tube 1402 and filter 1408 to force 
filter 1408 to resume a low profile. Sheath 1740 includes a lumen 1742 sized 
so that tube 1402 may be nested therewithin. Sheath 1740 is otherwise similar 
in materials and length to tube 1402, although sheath 1740 may be slightly 
longer than tube 1402 to facilitate the capture of filter 1408. 
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[0068] In addition to collapsing filter 1408 for withdrawal, sheath 1740 also 

smooths the outer profile of filter 1408. The smoother profile may assist in 
moving filter 1408 past the treatment area, especially if a stent or other device 
has been deployed, as unsheathed filter 1408 may catch upon such devices. 

[0069] FIGS. 18, 19, and 20 illustrate the use of distal protection system 100, 

although the procedure shown and described herein is equally applicable to all 
embodiments of the present invention. FIG. 18 shows distal protection system 
100 within vessel 1830. Filter 108 and occluder 110 have been positioned 
downstream of a treatment area (not shown), and both filter 108 and occluder 
110 have been expanded or deployed according to the procedures described 
above. A therapeutic catheter (not shown) has been inserted into vessel 1830 
to perform a procedure, such as a PTCA, at the treatment area. Preferably, 
filter 108 and/or occluder 110 were deployed prior to the (PTCA) procedure. 

[0070] While performing the procedure, embolic particles 1834 have been 

released into the blood stream. Occluder 110 completely blocks vessel 1830 
so that embolic particles 1834 cannot travel further downstream. Aspiration 
catheter 1832 is introduced into vessel 1830, as by introduction alongside (not 
shown) or over distal protection system 100. Aspiration catheter 1832 is then 
used to evacuate as many embolic particles 1834 as possible, in accordance 
with occlusion/aspiration methods known in the art. Alternatively, trapped 
embolic particles 1834 may be lysed (disintegrated into the blood stream, such 
as with a laser, thrombolytic agent or chemical solvent), or left intact for 
subsequent capture within filter 108. 

[0071] FIG. 19 shows vessel 1830 after aspiration catheter 1832 has been 

removed. Occluder 110 has been deflated or collapsed according to the 
procedures described above, but filter 108 remains deployed, in apposition 
with the wall of vessel 1830. Blood flow has resumed, and any remaining 
embolic particles 1834 are carried into filter 108 through inlets 1836. Embolic 
particles 1834 are then filtered from the bloodstream and remain within filter 
108. 
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[0072] FIG. 20 shows vessel 1830 after filter 108 has also been collapsed 

according to the procedures described above. Embolic particles 1834 are 
trapped within filter 108 and can be withdrawn from vessel 1830 along with 
the withdrawal of distal protection system 100. 

[0073] While various embodiments of the present invention have been 

described above, it should be understood that they have been presented by way 
of example only, and not limitation. It will be apparent to persons skilled in 
the relevant art that various changes in form and detail can be made therein 
without departing from the spirit and scope of the invention. Thus, the breadth 
and scope of the present invention should not be limited by any of the above- 
described exemplary embodiments, but should be defined only in accordance 
with the following claims and their equivalents. All patents and publications 
discussed herein are incorporated in their entirety by reference thereto. 
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